ADENOVIRUS VECTOR 

FIELD OF THE INVENTION 

The present invention relates to a method for constructing a fiber-mutant 
adenovirus vector which comprises introducing a foreign peptide into the HI loop of the 
fiber of the virus. 

BACKGROUND OF THE INVENTION 

Adenovirus vectors have been extensively used as attractive vehicles to deliver 
foreign genes to a variety of cell types in vitro and in vivo. 

Adenovirus lacks an envelope and is icosahedral in shape consisting of 252 
capsomeres. Twelve capsomeres at each comer are called pentons (consisting of a 
penton base and fiber) having a protruding structure and the other 240 capsomeres are 
called hexons. Adenovirus penetrates into a cell (infection) by binding its fiber to a 
receptor CAR (for detail, see Bergelson J. M. et al.. Isolation of a conomon receptor for 
Coxsackie B viruses and adenoviruses 2 and 5. Science 275: 1320-1323, 1997), and by 
binding RGD motif of the penton base to integrin on the cell surface (Bai M, Harfe B, 
Freimuth P, Mutations that alter an Arg-Gly-Asp (RGD) sequence in the adenovirus 
type 2 penton base protein abolish its cell-rounding activity and delay virus 
reproduction in flat cells., J Virol 67: 5198-5205, 1993; Wickham T J et al., Integrins 
avpB and avPS promote adenovirus internalization but not virus attachment. Cell 73: 
309-319, 1993). When the virus reaches the endosome, the virus changes its 
conformation of the capsid protein under acidic conditions, thereby disrupting the 
endosome and penetrating into the cytoplasm. Since the first step is binding of the 
viral fiber to CAR which is a receptor on the cell surface, modifying the fiber may 
change the infection area of adenovirus vector (Paillard, F., Dressing up adenoviruses to 
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modify their tropism. Hum Gene Ther 10:2575-2576, 1999). 

A fiber gene is located in the L5 region of an adenovirus late gene. The fiber 
gene of adenovirus Type 5 consists of 581 amino acids and forms a trimer. The 
structure is composed of a tail, shaft, and knob part. A knob at the C-terminus binds to 
a receptor, CAR. 

One of difficulties in the use of conventional adenovirus vectors is that the 
infection areas of the vectors have no tissue-specificity, and therefore the vectors 
transfer to many tissue cells non-specificaliy when they are administered systemically. 
Another difficulty is that the vectors cannot infect cells, which do not express 
adenovirus receptors (coxackievirus-adenovirus receptor (CAR); e.g., receptors for 
adenovirus Type 2 and 5 generally used as vectors for gene therapy. See Bergelson J. 
M. et al., supra for detail.). 

Originally, adenovirus vectors, which have poly-lysine sequences having 
affinity for heparan sulfate at the C-terminus of the fiber molecule, have been 
constructed. These vectors have been reported to have wide infection area as expected 
(Wickham T J et al.. Increased in vitro and in vivo gene transfer by adenovirus vectors 
containing chimeric fiber proteins., J. Virol. 71:8221-8229, 1997; Yoshida Y et al.. 
Generation of fiber-mutant recombinant adenoviruses for gene therapy of malignant 
glioma., Hum Gene Ther 9:2503-2515, 1998; Gonzalez R et al.. Increased gene transfer 
in acute myeloid leukemic cells by an adenovirus vector containing a modified fiber 
protein., Gene Ther. 6: 314-320, 1999; Bouri K et al., Poly-lysine Modification of 
adenoviral fiber protein enhances muscle cell transduction., Hum Gene Ther 10: 1633- 
1640, 1999). However, it has been shown that insertion of a foreign peptide into the 
C-terminus of the fiber inhibits the fiber from forming a trimer; the vector has a viral 
titer 1 to 2 orders of magnitude less than that of a vector having wild type fibers; and the 
C-terminus of the fiber is oriented towards the inside of the virus. Therefore, it is now 
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thought that the region is not an optimal site for insertion of a foreign peptide. 

In 1998, the group of Curiel et al. have directed their attention to the structure 
of the HI loop protruding from the viral surface, and have reported that insertion of a 
foreign peptide into the HI loop of the fiber enables exposure of the peptide on the viral 
surface, and this does not inhibit viral proliferation at all (Krasnykh V I et al.. 
Characterization of an adenovirus vector containing a heterologous peptide epitope in 
the HI loop of the fiber knob., J Virol 72: 1844-1852, 1998; Dmitriev I et al., An 
adenovirus vector with genetically modified fibers demonstrates expanded tropism via 
utilization of a Coxsackievirus and adenovirus receptor-independent cell entry 
mechanism., J Virol 72: 9706-9713, 1998). This report indicates a possibility that the 
HI loop of the fiber is an optimal expression site of a foreign peptide. However, they 
have constructed such a vector by the method using homologous recombination with 
special E.coli strain. Thus, the method is not simple enough to be widely used. 



SUMMARY OF THE INVENTION 

The purpose of the invention is to provide a method for constructing a fiber- 
mutant adenovirus vector which comprises introducing with a simple system an optional 
peptide into a fiber HI loop-coding gene sequence. 

The inventors of the invention have studied extensively and intensively to 
solve the above problems, and have completed the present invention by finding that 
insertion of a unique restriction enzyme recognition site into a gene region encoding the 
HI loop of the fiber enables simple introduction of oligo DNA encoding an optional 
peptide into the region. 

Accordingly, the present invention relates a method for constructing a fiber- 
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mutant adenovirus vector which comprises inserting a unique restriction enzyme 
recognition sequence into a fiber HI loop-coding gene sequence, and introducing a 
foreign peptide-coding DNA into the gene sequence. 

Furthermore, the present invention is a fiber-mutant adenovirus vector which is 
constructed by the above method. 

Furthermore, the present invention is an adenovirus vector which contains a 
unique restriction enzyme recognition site in the fiber HI loop-coding gene sequence. 

This specification includes part or all of the contents as disclosed in the 
specifications and/or drawings of Japanese Patent Application Nos. 2000-161577 and 
2001-131688, which are priority documents of the present application. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows the characteristics of the vector plasmids of the invention. (A) 
Vector plasmid pAdHM15, 16, 17 and 18 contain El/E3-deIeted adenovirus genomic 
DNA, Csp45l and/or CM site between positions 32679 and 32680 of the adenoviral 
genomic DNA, and I-CeuI/SwaVPl-Scel sites in the El -deletion region. (B) 
Sequences around a foreign oligonucleotide insertion site are shown for each vector 
plasmid. Foreign oligonucleotides are indicated in italics. (C) OUgonucleotides 
synthesized for each plasmid vector. An oligonucleotide shown for pAdHM15, is 
designed so that a positive clone having the oligonucleotide inserted therein is digested 
with 0^451 but is not digested with CM. 

Figure 2 shows a strategy for construction of an adenovirus vector containing 
RGD-4C peptide in the HI loop of the fiber knob, and containing LacZ expression 
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cassette in El -deletion region. 

Figure 3 shows the result of restriction endonuclease analysis. (A) Vector 
plasmid (pAdHM15-RGD or pAdHM15-RGD-LacZ) or LacZ expression recombinant 
adenovirus DNA having RGD peptide in the fiber (AdHM15-RGD-LacZ) are digested 
with Hindm/PacI, Csp45]JPacl, Hindlll or CspA5l, followed by electrophoresis on 
0.7% agarose gel. 

Lane 1 : 1 kb DN A ladder marker 
Lane 2: p AdHM 1 5-RGD digested with HindmjPacl. 
Lane 3 : p AdHM 1 5-RGD digested with CspASVPacl 
Lane 4: pAdHM15-RGD-LacZ digested with HindmiPacl 
Lane 5 : p AdHM 1 5-RGD-LacZ digested with CspASVPacl 
Lane 6: AdHM15-RGD-LacZ virus DNA digested with Hindm 
Lane 7 : AdHM 15-RGD-LacZ vims DNA digested with Csp45l. 
(B) Hindm and Csp45l restriction map for recombinant adenovirus vector (AdHM 15- 
RGD-LacZ). Fragment size (kb) is shown top or bottom of the genome. CMV 
denotes a intermediate-early promoter/enhancer of cytomegalovirus, and P(A) denotes a 
bovine growth hormone polyadenylation signal. 

Figure 4 is a plan for construction of an adenovirus vector containing RGD-4C 
peptide in the HI loop of the fiber knob, and containing a luciferase (Luc) expression 
cassette in El -deletion region. 

Figure 5 shows comparison of LacZ expression among culture cells transduced 
with AdHM4-LacZ and those transduced with AdHM15-RGD-LacZ. (A) Results of 
measurement of LacZ expression with chemiluminescence assay. In (A), (a) and (b) 
show the results obtained by the use of die 1200 vector particles/cell and the 8000 
vector particles/cell, respectively. Data are shown with average ± S.D. of data from 3 
rounds of the test. (B) Results of X-gal staining for CHO cell (1200 vector 
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particles/cell). In (B), (a) is the result for AdHM4-LacZ, and (b) AdHM15-RGD- 
LacZ. 

Figure 6 shows comparison of Luc expression among culture cells transduced with 
AdHM4-L2, AdHM15-RGD-L2, or AdHM15-NGR-L2. AdHM4-L2 is shown with 
"O," AdHM15-RGD-L2 with and AdHM15-NGR-L2 with " A ." (A) Results of 
measurement of Luc expression in SK HEP-1 cells. (B) Results of measurement of 
Luc expression in LN444 cells. Data are shown with average ± S.D. of data from 4 
rounds of the test. 



DETAILED DESCRIPTION OF THE INVENTION 
A more detailed description of the present invention will be provided as 

follows. 

A method for constructing a fiber-mutant adenovirus vector according to the 
invention comprises inserting a unique restriction enzyme recognition sequence into a 
fiber HI loop-coding gene sequence, thereby introducing a foreign peptide-coding DNA 
into the gene sequence. 

The term "fiber HI loop-coding gene sequence" indicates a nucleotide 
sequence encoding a region from amino acid 537 to 549 of a fiber molecule. Most of 
the amino acids of the HI loop have a hydrophilic group and are oriented towards the 
outside of the knob domains. Insertion of a foreign peptide into this region does not 
affect the foraiation of trimers by the fiber molecules. For example, this region 
corresponds to a region from positions 32647 to 32685 of the adenovirus type 5 
genomic DNA. 
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The term "unique restriction enzyme recognition sequence" indicates a 
restriction enzyme recognition sequence which is not originally present in adenovirus 
genomic DNA. Examples of such a sequence include sequences recognized by 
restriction enzymes Csp45l, Clal, Swal, Pad, I-Ceul, Fl-Scel, 1-PpoI, and l-Scel. 

When Csp45I and Clal are used as unique restriction enzymes, these enzymes 
produce adhesive ends compatible for each other so that the oligonucleotide above can 
be inserted in any direction. That is, the above oligonucleotide is so designed that a 
positive clone, in which an oligonucleotide is inserted forwardly, contains Csp45l 
recognition sequence, but does not contain Clal recognition sequence. This enables 
facilitated identification of the positive clone based on the difference in cleavage 
patterns between restriction enzymes Csp45I and Clal. An example of the thus 
designed oligonuleotide is not limited and is an oligonucleotide comprising nucleotide 
sequences of SEQ ID NOS: 10 to 13. 

For example, the above-mentioned recognition sequence can be inserted into a 
HI loop-coding gene sequence according to the Example of the invention. 

DNA encoding a foreign peptide can be introduced, for example by 
synthesizing oligonucleotide DNA having the peptide-coding DNA and the unique 
restriction enzyme recognition sequence above, and by ligating the synthesized 
oligonucleotide DNA directly into the HI loop-coding sequence digested with the 
corresponding enzymes. 

Examples of DNA encoding a foreign peptide include, but are not limited to, 
DNA encoding a peptide containing RGD, DNA encoding a peptide containing NGR, 
DNA encoding a peptide (KKKKKKK: SEQ ID NO: 1) having affinity for heparan 
sulfate, DNA encoding a peptide (TS(GYIGSR)3SS: SEQ ID NO: 2 or 
TSAACSIKVAV)^: SEQ ID NO: 3) having affinity for a laminin receptor, DNA 
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encoding a peptide (TRSDITWDQLWDLMKTS: SEQ ID NO: 4) having affinity for E- 
selectin. Selection of the DNAs above can improve the efficiency of gene introduction 
into destinations (e.g., tissues and cells) of vectors. In other word, by selecting 
peptides which have been reported to have tropism for tumor vascular endothelial cells 
as foreign peptide, such as those containing RGD and NGR, vectors useful in treating 
various tumors can be constructed. 

Peptides containing RGD are not limited as long as they have RGD sequence 
and have binding affinity to integrins on the cell surface. Such a peptide preferably 
consists of 5 to 20 amino acids including RGD, and more specifically, a RGD-4C 
peptide (CDCRGDCFC: SEQ ID NO: 5). 

Since an adenovirus vector with the RGD-4C peptide has binding affinity to 
integrins in addition to CAR, selection of this peptide as a foreign peptide can improve 
the efficiency of gene introduction not only to adenovims-sensitive cells, but also to 
cells, to which conventional vuiis vectors cannot be applied due to poor expression of 
CAR, such as CHO cells, respiratory epidermic cells, smooth muscle cells, vascular 
endothelial cells, T-cells, macrophages, hepatopoietic stem cells, dendritic cells, and 
cancer cells which are CAR-negative but expressing integrins on then* surfaces (e.g., 
human glioma cell LN444). 

Examples of peptides containing NGR are not limited as long as they contain 
NGR sequence and have binding affinity for amino peptidase N (CD 13) on the cells 
surface. Such a peptide preferably comprises 5 to 20 amino acids including NGR. 
Specifically, such a peptide is NGR-associated peptide (CNGRCVSGCAGRC: SEQ ID 
NO: 6). 

Since an adenovirus vector with the NGR-associated peptide has binding affinity 
to aminopeptidase N/CD13 in addition to CAR, selection of this peptide as a foreign 



peptide can achieve specific gene integration not only to adenovirus-sensitive cells, but 
also to cells, to which conventional virus vectors cannot be applied due to poor 
expression of CAR, such as CD 13 expression cells (e.g., human glioma cell LN444) of 
for example, cancer neovessel. 

PREFERRED EMBODIMENTS FOR CARRYING OUT THE INVENTION 

The present invention is further described in the foUov/ing examples. The 
examples are provided for illustrative purposes only, and are not intended to limit the 
scope of the invention. 

Example 1. 

Preparation of adenovirus vector having a foreign peptide 
added to the HI loop of the fiber- 1 

Throughout the present Examples, the recognition sites of unique restriction 
enzymes, Csp45l and CZal, were applied to a gene sequence portion encoding the HI 
loop of the fiber. 

First, vector plasmids, pAdHM 15, 16, 17 and 18 were constructed as follows. 

A plasmid pEco-ITRl comprising the right terminal portion of adenovirus type 
5 genome (which corresponds to a portion from the base at position 27,331 to the right 
terminus with the E3 region deleted (positions 27,865 to 30,995)) was cleaved with 
restriction enzymes Apal and Muni, and ligated with the ApaVMunl fragment of pBR- 
AM2, which is a pBR322-derived plasmid with an Agel and a Muni site between the 
AatR and Bsal sites and a deletion between the PvmII and Bstl 1071 sites. The resulting 
plasmid, pBR-AM3, contained positions 31,905 to 32,825 of adenovirus genome. 



Then, a 4-pieces ligation reaction was carried out to obtain a plasmid pBR- 
AM4, using each of ApaVAsel restriction fragments, ApaJ/BsmAl restriction fragments 
and BsaAI restriction fragments of pBR-AM3, and oligonucleotide 1 (5'- 
AACAGGAGACACAACT1CGAAC[ATCGAT]CCAAGTGCATACTCTATGTCATTT 
TCATGGGACTGGTCTGGCCACAACTACAT-3', SEQ ID NO: 7) and 
oligonucleotide 2 (5'- 

TAATGTAGTTGTGGCCAGACCAGTCCCATGAAAATGACATAGAGTATGCACTT 
GG [ATCGAT]GTlCQAAGTTGTGTCTCC-3', SEQ ID NO: 8) (underlines and 
parentheses herein denote the recognition sites of Csp45l and Clal, respectively, which 
were methylated with diantipyrylmethane (Dam)). 

After that, HpaVMunl restriction fragments of pBR-AM4 were ligated with the 
HpaVMunl restriction fragments of pEco-lTR5 (which comprises the right terminus of 
adnovirus type 5 genome, corresponding to a portion from the base at position 27,331 to 
the right terminus of the genome with the E3 region deleted (positions 28,133 to 
30,818)), thereby constructing pEco-AM4. 

Finally, the SrfifClal restriction fragments of AdHM2-I, which is a pAdHM2 
derivative, were ligated with the SrflJClal restriction fragments of the above pEco-AM4, 
and then the ligation of the Clal recognition sequence of the right terminus of 
adenovirus genome was performed, using oligonucleotide 3 (5 '-C GTTA ATTA A -3 
SEQ ID NO: 9; herein, an underline denotes a Pad recognition sequence), so that 
pAdHM15 was obtained, substituting with Pad recognition sequence. Each of 
pAdHM 16, 17 and 18 was constructed by the same process as for pAdHM15 (Figure 
lA). 

The plamids pAdHM 15, 16, 17 and 18 had total adenovirus genomes except 
El and E3 regions; these plasmids had l-Ceul, Swal and mScel recognition sequences 
of a unique site in the El-deleted regions, and further, pAdHM15 had Csp45l and Clal 
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recognition sequences (which were methylated with Dam), pAdHM16 had Clal 
recognition sequence, and pAdHM 17 and 18 had Csp45I recognition sequences, 
between the positions 32,679 and 32,680 of the genome (which correspond to threonine 
residue (position 546) and proline residue (position 547) of fiber protein, respectively) 
(Figure 1). The HI loop region of each plasmid had a newly added 2 or 3 amino acids 
different from one another, depending on its restriction enzyme recognition sequence, 
resulting in various applications depending on purpose. 

Next, a plasmid vector having oligonucleotide DNAs corresponding to a 
foreign peptide were constructed. 

As a foreign peptide, RGD-4C peptide (CDCRGDCFC, SEQ ID NO: 5) was 
selected, and oligonucleotide DNAs (oligonucleotides 4 and 5) corresponding to this 
peptide were used. 

First, pAdHMlS constructed as above was cleaved with Csp45yClal, and then 
ligated with oligonucleotide 4 (5'-CGAAGTGTGACTGCCGCGGAGACTGTTTCTG- 
3% SEQ ID NO: 10) and oligonucleotide 5 (5'-CGCAGAAACAGTCTCC GCGG 
CAGTCACACTT-3', SEQ ID NO: 11). 

Then, the above-ligated DNA was introduced into an Escherichia coli DH5 
strain to transform the strain, thereby obtaining pAdHM15-RGD (Figure 2). In 
respect of pAdHM 15, 16, 17 and 18, the sequences in the vicinity of each foreign 
oligonucleotide insertion site, and the possible oligonucleotides syntehsized to each of 
the above vector plasmids, are shown in Figure 1. (referred as B and C, respectively). 

Cleavage by restriction enzymes CspA5l and Clal provides cohesive termini 
having compatibility with each other, which are able to insert the above 
oligonucleotides in any direction. So, these ohgonucleotides were designed in such a 
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manner that a positive plasmid (wherein an oligonucleotide was inserted in a forward 
direction) comprised a Csp45l recognition sequence but did not comprise a CM 
recognition sequence (Figure 2.) Both self-ligated plasmids and plasmids wherein the 
above oligonucleotide was inserted in reverse direction did not comprise a Csp45I 
recognition sequence. Accordingly, a positive clone could easily be identified by the 
difference of cleavage pattern of restriction enzymes Csp45I and Clal. Furthermore, it 
was confirmed by gene sequence analysis that the clone comprised an appropriate 
sequence by determination of the oligonucleotide sequence inserted into pAdHM15- 
RGD. 

Then, pHMCMVLacZ-1 was prepared by inserting a B -galactosidase (LacZ) 
gene derived from pCMV 0 (Clontech) into a shuttle plasmid pHMCMVS (H. 
Mizuguchi, M. A. Kay., A simple method for constructing El and E1/E4 deleted 
recombinant adenovirus vector. Hum. Gene Ther. 10 (1999) 2013-2017). 

Subsequently, pAdHM15-RGD and pHMCMVLacZ-1, digested with I- 
Ceul/PI-Scel, were subjected to in vitro ligation to construct pAdHM15-RGD-LacZ 
(Figure 2). The l-Ceul and PI-5ceI, herein, are rare restriction enzymes recognizing a 
sequence consisting of at least 9 to 10 and 11 bases, respectively. 

A plasmid pAdHM4 was ligated with another plasmid pHMCMVLacZ-1 to 
construct pAdJiM4-LacZ, as a plasmid used for preparation of a control virus having a 
wild fiber protein. 

Both of the above pAdHM15-RGD-LacZ and pAdHM4-LacZ comprised a 
Cytomegalovirus (CMV) promoter driving LacZ gene and a bovine growth hormone 
(BGH) polyadenylation signal. 

The above two plasmids, pAdHM15-RGD-LacZ and pAdHM4-LacZ were 
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digested with Pad to be linearized, and then the plasmids were subjected to phenol- 
chloroform extraction and ethanol precipitation for purification. The linear 
pAdHM15-RGD-LacZ and pAdHM4-LacZ were transfected to 293 cells to prepare the 
viruses (AdHM15-RGD-LacZ and AdHM4-LacZ) derived from each plasmid, and the 
viruses were subjected to a CsCls step gradient ultracentrifugation, then a CsClj linear 
gradient ultracentrifugation for purification. 

The titer of viral particle was determined by spectroscopically measuring viral 
DNA according to the method of Maizel et al. (Maizel, J. V. J., White, D. O. and Schar 
ff, M. D. (1968). The polypeptides of adenovirus. I. Evidence for multiple protein 
components in the virion and a comparison of tj^es 2, 7 A, and 12. Virology. 36, 115- 
125). As a result, the titer of AdHM15-RGD-LacZ was 5.28 X 10" particle titer/mL, 
and the titer of AdHM4-LacZ was 2.02 X 10'^ particle titer/mL. 

Moreover, a vector plasmid (pAdHM15-RGD or pAdHM15-RGD-LacZ) or a 
LacZ-expressed recombinant adenoviral DNA (AdHM15-RGD-LacZ) having a RGD 
peptide in a fiber was subjected to DNA restriction analysis (i.e. an electrophoresis on 
0.7% agarose gel, using HindUl/Pacl, CspASVPacl, HindSl or Csp45l as a restriction 
enzyme). Each lane was defined as follows: 
Lane 1: Ikb DNA ladder marker 
Lane 2: pAdHM15-RGD digested with Hindm/PacI 
Lane 3: pAdHM15-RGD digested with Csp45VPacl 
Lane 4: pAdHM15-RGD-LacZ digested with HindmiPacl 
Lane 5: pAdHM15-RGD-LacZ digested with CspASVPacl 
Lane 6: AdHM15-RGD-LacZ viral DNA digested with HindSl 
Lane 7: AdHM15-RGD-LacZ viral DNA digested with CspA5\ 
The results are shown in Figure 3A. 
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Results 

As a result of the above DNA restriction analysis, it was shown that a vector 
plasmid which comprises or does not comprise a LacZ cassette, in other words, 
pAdHM15-RGD, pAdHM15-RGD-LacZ, or viral DNA AdHM15-RGD-LacZ 
comprised expected fragments as shown in Table 1. (Figure 3). 



Table 1 . 

Length of fragment obtained by digesting pAdHM15-RGD, pAdHM15-RGD-LacZ 
and AdHM15-RGD-LacZ with each restriction enzyme 



Restriction enzyme 


Length of fragment (kb) 


pAdHM15-RGD 
Hindm/Pacl 
Csp45yPacl 

pAdHM15-RGD-LacZ 
Hindm/PacI 
Csp45yPacl 

AdHM15-RGD-LacZ 
Hindm 
CspA5l 


3.0, 3.1, 5.1, 2.1, 4.6, 8.0, 3.1, 2.9, 1.0 
3.0, 3.3, 26.6 

3.0, 4.8, 3.0, 5.1, 2.1, 4.6, 8.0, 3.1, 2.9, 1.0 
3.0, 3.3,31.3 

4.8, 3.0, 5.1, 2.1, 4.6, 8.0, 3.1, 2.9, 1.0 
3.3,31.3 



The gene transfer efficiency of the obtained vector AdHM15-RGD-LacZ was 
analyzed in Example 4 described later. 

Example 2. 

Preparation of adenovirus vector having a foreign peptide 
added to the HI loop of the fiber - 2 

The method for constructing a vector plasmid pAdHM15-RGD is as shown in 
Example 1. 

pCMVLl was prepared by inserting a luciferase (Luc) gene derived from 
pGL3-Control (Promega) into a shuttle plasmid pHMCMV6 (H. Mizuguchi, M. A. Kay., 
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A simple method for constructing El and E1/E4 deleted recombinant adnovirus vector. 
Hum. Gene Ther. 10 (1999) 2013-2017). 

The above pAdHM15-RGD and pCMVLl encoding luciferase were digested 
with l-CeuUPI-Scel, and then these were ligated by in vitro ligation to construct 
pAdHM15-RGD-CMVL2 (Figure 4). 

pAdHM4-CMVL2 was constructed by ligating pAdHM4 and pCMVLl which 
were plasmids for the preparation of a control virus having a wild fiber protein. 

Both of the above pAdHM15-RGD-CMVL2 and pAdHM4-CMVL2 comprised 
a CMV promoter drivmg Luc gene and a BGH polyadenylation signal. 

After that, the above two plasmids, pAdHM15-RGD-CMVL2 and pAdHM4- 
CMVL2 were digested with Pad to allow hnearization, and then purified by phenol- 
chloroform extraction and precipitation with ethanol. The linearized p AdHM 1 5-RGD- 
CMVL2 and pAdHM4-CMVL2 were transfected to 293 cells to prepare viruses 
(AdHM15-RGD-L2, AdHM4-L2) derived from each plasmid, and the viruses were then 
subjected to CSCI2 step gradient ultracentriftigation, then CsCls linear gradient 
ultracentrifugation for purification. 

The gene transfer efficiency of the obtained vectors AdHM15-RGD-L2 and 
AdHM4-L2 (control) was analyzed in Example 5 described later. 



Example 3. 

Preparation of adenovirus vector having a foreign peptide 
added to the HI loop of the fiber - 3 
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1. 



A method for constructing a vector plasmid pAdHMlS is as shown in Example 



NGR-associated peptide (CNGRCVSGCAGRC: SEQ ID NO: 6) was selected 
as a foreign peptide, and oligonucleotide DNAs (oligonucleotides 6 and 7) 
corresponding to this peptide were used. 

First, pAdHMlS constructed as above was cleaved with Csp45VClaI, and then 
ligated with oligonucleotide 6 (5'- 

CGGCTGCAACGGCCGCTGCGTGAGCGGCTGCGCCGGCCGCTG-3', SEQ ID 
NO: 12) and oligonucleotide 7 (5'- 

CGCAGCGGCCGGCGCAGCCGCTCACGCAGCGGCCGTTGCAGC-3', SEQ ID 
NO: 13). Then, the above ligated DNA was introduced into an Escherichia coli DH5 
strain to transform the strain, thereby obtaining pAdHM15-NGR. 

The above pAdHM15-NGR and pCMVLl were digested with l-CeuVPl-Scel 
and were ligated by in vitro ligation to construct pAdHM15-NGR-CMVL2. The above 
pAdHM15-NGR-CMVL2 comprised a CMV promoter driving Luc gene and a BGH 
polyadenylation signal. 

After that, the above plasmid pAdHM15-NGR-CMVL2 was digested with 
Pad to allow linearization, and then purified by phenol-chloroform extraction and 
precipitation with ethanol. The linearized pAdHM15-NGR-CMVL2 was transfected 
to 293 cells to prepare a virus (AdHM15-NGR-L2) derived from the plasmid, and the 
virus was then subjected to CsCl^ step gradient ultracentrifugation, then CsCl^ Hnear 
gradient ultracentrifugation for purification. 

The gene transfer efficiency of the obtained vector AdHM15-NGR-L2 was 
analyzed in Example 5 described later. 
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Example 4. 
Analysis of gene transfer efficiency- 1 



To examine the function of RGD-4C peptide which was inserted into a vector 
AdHM15-RGD-LacZ prepared in Example 1, the gene transfer efficiency of AdHMlS- 
RGD-LacZ and AdHM4-LacZ (a control) were analyzed, using both SK-HEPl cells 
which express CAR and are sensitive to adenovirus, and CHO cells insensitive to the 
virus (due to unexpressed CAR). SK-HEPl cells are herein cells which were derived 
from human liver vascular endothelial cells, furnished by Dr. Mark A. Kay (Stanford 
Univ.). CHO cells herein were furnished by Tadanori Mayumi (Osaka Univ.) 

First, SK-HEPl and CHO cells were transformed with AdHM15-RGD-LacZ or 
AdHM4-LacZ (for both vectors, 1200, 8000 vector particles (VP)/cell were used) for 1.5 
hours. 

After 2 days, the expression of LacZ protein (i.e. LacZ enzyme activity) was 
confirmed by both luminescent assay with a Luminescent /? -galactosidase detection kit 
(Clontech), and X-gal (5-bromo-4-chloro-3-indolyl- /3 -D-galactopyranoside) staining 
(Figure 5). The level of LacZ enzyme activity was evaluated, using a standard 
substance attached to the kit as an indicator. 

Results 

In SK-HEP 1 cells, LacZ enzyme activity detected after transformation by 
AdHM15-RGD-LacZ (a RGD fiber) and activity detected after transformation by 
AdHM4-LacZ (a wild fiber ) differed by a factor of about 2 (Figure 5A). In CHO cells, 
however, the difference reached a factor of 40, and activity was higher for 
transformation by AdHM15-RGD-LacZ. Furthermore, the ratio of X-gal positive cells 
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in CHO cells which were transformed by AdHM15-RGD-LacZ and AdHM4-LacZ 
corresponded extremely well to the results of the above luminescent assay (Figure 5B). 

From these results, it was confirmed that AdHM15-RGD-LacZ having a RGD 
fiber can be transfected via an RGD-integrin bond as well as via an RGD-CAR bond, 
effectively introducing a gene (It is known that a penton-base RGD motif-integrin bond 
does not function as the T' step of transfection). 

It is considered that, in SK-HEPl cells, gene transfer efficiency by AdHM15- 
RGD-LacZ was somewhat higher than that by AdHM4-LacZ, because AdHM15-RGD- 
LacZ can be transfected both via CAR and via integrin. 

Therefore, it was shown that the addition of RGD-4C peptide to a fiber results 
in an effective gene transfer to CAR-deleted cells such as CHO cells. 

Example 5. 
Analysis of gene transfer efficiency-2 

To examine the functions of RGD-4C peptide inserted into a vector AdHM15- 
RGD-L2 prepared in Example 2 and NGR-associated peptide inserted into a vector 
AdHM15-NGR-L2 prepared in Example 3, the gene transfer efficiency of AdHM15- 
RGD-L2, AdHM15-NGR-L2 and AdHM4-L2 (a control) were analyzed, using both 
SK-HEPl cells which have expressed CAR and are sensitive to adenovirus, and LN444 
cells insensitive to the virus (due to unexpressed CAR). LN444 cells are herein human 
glioma cells which were furnished by Dr. Mitsuhiro Tada (Hokkaido Univ.), and the 
cells expressed RGD peptide target integrin (aviS 3 or avi9 5) and aminopeptidase 
N/CD13 on their cell surface. 
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First, SK-HEPl and LN444 cells (5 X 10* cells, respectively) were transformed 
with AdHM4-L2, AdHM15-RGD-L2, or AdHM15-NGR-L2 (100, 300, 1000, 3000 
vector particles (VP) per cell, respectively) for 1.5 hours. 

After 2 days, the expression of luciferase (Luc) protein (i.e. Luc enzyme 
activity) was confirmed by a luciferase reporter assay kit (Clontech) (Figure 6). 

Results 

In SK-HEP 1 cells, Luc enzyme activity detected after transformation by 
AdHM15-NGR-L2 (an NOR fiber; A) and activity detected after transformation by 
AdHM4-L2 (a wild fiber as a control; O) differed by a factor of about 2. However, 
when compared with a case of transformation by AdHM15-RGD-L2 (a RGD fiber; •), 
the difference reached a factor of 10, and activity was higher for transformation by 
AdHM15-RGD-L2 (Figure 6A). 

In LN444 cells, the difference between Luc enzyme activity detected after 
transformation by AdHM15-NGR-L2 (A) and activity detected after transformation by 
AdHM4-L2 (a control; O) reached a factor of 100, and activity was higher for 
transformation by AdHM15-NGR-L2. Further, when compared with a case of 
transformation by AdHM15-RGD-L2 (•), the difference reached a factor of about 
1,000 (Figure 6B). The term "VP" in the horizontal axis of Example 6 is used to mean 
vector particles (the number of vector particles). 

From these results, it was reconfirmed that AdHM15-RGD-L2 having a RGD 
fiber can be transfected via an RGD-integrin bond as well as via an RGD-CAR bond, 
effectively introducing a gene. Furthermore, it was also comfirmed that AdHM15- 
NGR-L2 having an NGR fiber can be transfected via an NGR-CD13 bond as well as via 
an RGD-CAR bond, effectively introducing a gene. 
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Therefore, it was shown that the addition of NGR-associated peptide to a fiber 
results in an effective gene transfer to CD 13 expression cells such as LN444 cells. 

All publications cited herein are incorporated herein by reference in their 

entirety. 

According to the method of the present invention, any peptide can be 
introduced into a fiber HI loop-coding gene sequence in one step of in vitro ligation. 
Therefore, an adenovirus vector having high gene transfer efficiency can be produced 
by simple operations. 



20 



